Peruvians are among the shortest people in the world. To understand the genetic basis of short stature in Peru, we examined an ethnically diverse group of Peruvians and identified a novel, population-specific, missense variant in FBN1 (E1297G) that is significantly associated with lower height in the Peruvian population. Each copy of the minor allele (frequency = 4.7%) reduces height by 2.2 cm (4.4 cm in homozygous individuals). This is the largest effect size known for a common height-associated variant. This variant shows strong evidence of positive selection within the Peruvian population and is significantly more frequent in Native American populations from coastal regions of Peru compared to populations from the Andes or the Amazon, suggesting that short stature in Peruvians is the result of adaptation to the coastal environment.
correlation between Native American ancestry and height were driven at least in part by genetic factors, it is unclear what genes or adaptive processes might have driven this effect.
In order to define distinctive genetic factors contributing to height in Peruvians, we performed the first large-scale genetic study of height in Peru (Methods). We obtained height and genotyping data from 1,795 males (57%) and 1,339 females (43%) in 1,947 households ( Fig S1) and inferred the level of Native American ancestry in each individual (Methods, Fig S2, FigS3) .
We observed a negative correlation between height and Native American ancestry proportion (Pearson correlation coefficient (r) = -0.3, p-value=9.3x10 -58 , Fig. 1A, Fig. S4A ). Native American ancestry remained significantly associated with lower height after including age, gender, African, and Asian ancestry proportions and a random household effect in the model, as a proxy for unmeasured environmental factors (p-value =7.2x10 -43 , effect size = -14.7 cm, SE = 1.1, Fig. 1B , Table S1 , Table S2 , Fig. S4B ).
To test whether specific variants derive this effect, we performed a genome-wide association study (GWAS). One locus on chromosome 15 (15q21.1) passed the genome-wide significance threshold (p-value < 5x10 -8 , Fig. S5A ). This locus overlaps the coding sequence of FBN1 (15q15-21.1) and includes five single nucleotide polymorphisms (SNPs). One SNP, rs200342067 (minor allele frequency (MAF) = 4.7%, p-value = 8.0x10 -10 , effect size = -2.2 cm, SE = 0.4), is a missense variant while the other four are intronic variants (Fig. 1C, Table S3 , Table S4 ). In the 1000 Genomes Project (5), rs200342067 is specific to the Mexican (MAF = 0.8%) and Peruvian (MAF = 4.1%) populations and is not found in the European, African, and Asian populations.
We examined the association of this variant with height in an independent cohort of 1,935 individuals with Mexican, Central American, and South American ancestry from the BioMe Biobank at the Icahn School of Medicine at Mount Sinai in New York City (Table S5) . We observed an identical effect size (MAF = 0.7%, p-value = 6.3x10 -4 , effect size = -2.2 cm , SE = 0.6, Fig. 1D) , independently replicating the association, and confirming that this association is not driven by technical bias or other non-genetic factors. We did not find any additional association in a gene-based analysis of rare (MAF < 1%) variants or a gene-based meta-analysis of common variants (Methods, Fig. S5B-C) .
Previous large-scale height GWAS, done predominantly in Europeans, have identified 3,290 independent common height-associated variants (6) . To assess the predictive power of these European-biased variants in the Peruvian population we generated polygenic risk scores (PRS) based on the reported effect sizes of 2,993 common height-associated variants that were present in our cohort (Methods, Fig. S6A ). Higher PRS bins were associated with increased height (r = 0.2, p-value = 2.7x10 -34 , Fig. 1E, Fig. S6B ). The estimated genetic heritability (ℎ " # ) of height was similar for Peruvians (ℎ " # = 57.6%, Methods) and Europeans (ℎ " # = 62.5%) (7) ; however, S. Of previously identified common height-associated variants, 99% have effects less than 5 mm per allele ( Fig. S6E) . In contrast, rs200342067 in heterozygous individuals reduces height by 2.2 cm (4.4 cm in homozygous individuals) and explains 0.9% of height phenotypic variance in our cohort ( Fig. S7) . This effect size is comparable to the effect sizes seen for extremely rare heightassociated variants that are believed to be under purifying selection ( Fig. 2A ) (6, 11) . In fact, almost all missense variants in FBN1 are under purifying selection, causing this gene to have a significantly lower burden of missense variants compared to what is expected by chance (z-score = 5.53, p-value = 3.2x10 -8 , Exome Aggregation Consortium (ExAC), N = 60,706) (12) . Given the large effect size and high MAF of rs200342067, we hypothesized that this variant is under positive selection in the Peruvian population.
We used Integrated Haplotype Score (iHS) (13) and pairwise nucleotide diversity (π) (14) statistics to search for signals of positive selection in a 1Mb window around rs200342067 within the Peruvian population. We restricted these analyses to haplotypes in which the local ancestry of the core SNP (e.g. rs200342067) was inferred as Native American (N = 271 with C and 4,720 with T at the core SNP, Methods, Fig. S8 ). To generate an empirical null distribution, we randomly assigned C (derived) and T (ancestral) alleles to rs200342067 1000 times and calculated iHS and π in each round (Methods). Haplotypes carrying the C allele were significantly longer (observed iHS = -1.1, permutation mean = 0 and range from -0.27 to 0.19, carrying the T allele ( Fig. 2C) . Haplotypes carrying the C allele also showed a slower decay of homozygosity (EHH), from the core SNP (Methods, Fig. S9 ) (15) .
Since adaptation to local environment can drive dramatic allele frequency shifts, we decided to (1)), suggesting that rs200342067 might have been selected in the Peruvian population as a result of adaptation to the coastal environment.
The rs200342067 variant changes the conserved T (ancestral) allele to a C (derived) allele in FBN1 exon 31 (g.48773926T>C, Fig. S10, Fig. S11A-B) . This change substitutes a large, negatively charged glutamic acid for a glycine, the smallest amino acid with no side chain in fiibrillin-1 (E1297G), the protein encoded by FBN1. Fibrillin-1 is an extracellular matrix (ECM) glycoprotein that serves as a structural backbone of force-bearing microfibrils in elastic and nonelastic tissues (17) and is also involved in tissue development, homeostasis, and repair by interacting with different growth factors including transforming growth factor (TGFβ) (17) .
S. E1297G is located in fibrillin-1 calcium binding epidermal growth factor domain 17 (cbEGFdomain 17), between a conserved cysteine (C1296) involved in forming a disulfide bond with C1284, and a conserved asparagine (N1298) involved in calcium binding (18) ( Fig. S11C-D) .
While the clinical significance of fibrillin-1 E1297G is not known, other missense mutations in fibrillin-1 are known to cause nine different Mendelian diseases ( and proximal interphalangeal and metacarpophalangeal joints of the second and third digits. One C/C genotype individual (individual-1, Table S8 ) had notably thicker skin upon a total body skin examination, and appeared much older than the stated age, while the other C/C genotype individual had no clinically abnormal cutaneous findings. None of the C/T or T/T individuals had an abnormal skin exam.
While all the reported fibrillin-1 mutations causing short stature phenotypes occur in the TGFβbinding domains (Fig. S11C) , mutations in the cbEGF-domains of fibrillin-1 (Fig. S11C) , especially the ones affecting cysteine residues or residues involved in calcium binding, lead to Marfan or Marfan-like syndromes (20) . Notably, missense mutations in cbEGF-domains 11 to 18 of fibrillin-1 (a.k.a. neonatal region, Fig. S11C ) are previously associated with severe neonatal forms of Marfan syndrome, mortality within the first two years of postnatal life, and poor disease prognosis in adults (19, 21) . To our knowledge, E1297G is the first report of a mutation in the fibrillin-1's neonatal region that leads to short stature, a manifestation opposite to the higher stature common in Marfan syndrome. Haplotypes carrying the C allele show a slower decay of homozygosity compared to the S. haplotypes carrying the T allele. Analysis is restricted to haplotypes in which rs20034206 is inferred as Native American.
Figure S10: Multiple sequence alignment around rs20034206 in 37 eutherian mammals.
rs200342067 changes a conserved T allele (ancestral, shown in red) to a C allele (derived).
Sequence alignments were obtained from Ensembl GRCh37 release 95. rs200342067 (red spheres), the calcium-interacting residues (beige sticks), and the cysteine residues involved in disulfide bonds (yellow sticks). Calcium ion is shown in green.
Table S1: Base Model parameters. Native American ancestry is significantly associated with lower height after accounting for age, gender, African and Asian ancestry proportions, and a genetic relatedness matrix (GRM) to account for population structure and genetic relatedness.
ASI: Asian, AFR: African, EUR: European, NAT: Native American. and includes five single nucleotide polymorphisms (SNPs), which are in high LD. obtained from 11 including: 2 with C/C, 2 with C/T, and 7 with T/T genotypes at rs200342067.
